Characterization of the mode of binding of substrates to the active site of Tetrahymena self-splicing RNA using 5-fluorouracil-substituted mini-exons.
Splice-site selection specificity in Tetrahymena self-splicing RNA is thought to be mediated by a base-paired complex between a CUCUCU sequence on the end of the 5' exon and a GGGAGG guide sequence in the intron. The substitution of uracil (U) in oligonucleotide mini-exons with 5-fluorouracil (UF), an analogue bearing a much more acidic N-3 proton, allowed us to test the role of hydrogen bonding between complementary bases in the splice-site selection process. The affinities of (U) and (UF) mini-exons for the ribozyme active site were similar and several orders of magnitude greater than expected from base pairing alone. In contrast to CUCU, the CUFCUF mini-exon lost substrate activity with increasing pH, presumably due to ionization of the UF residues. However, the apparent pK values of these residues were several pK units above that of free UF, indicating that the mini-exon is shielded from the solvent by an active site of low polarity. Loss of the pyrimidine N-3 hydrogen bond by selective ionization of the UF residues decreased the binding of CUFCUF to the ribozyme only 3-fold but did prevent its ligation to the 3' exon. Temperature dependence of substrate activity was identical for both (U) and (UF) mini-exons, whereas the UF-substituted ribozyme lost activity at a considerably lower temperature than did the natural (U) ribozyme. These observations indicate that hydrogen-bonded base pairs involving the U residues contribute little to the total binding energy of the 5' splice site with the active site of the ribozyme, but probably help to align the splice sites properly for ligation.